1. Introduction {#s0005}
===============

The COVID-19 has features typical of the coronavirus family and is classified in the beta coronavirus 2β lineage \[[@bb0005],[@bb0010]\]. Clinical classification of COVID-19 is mainly divided into light, common, severe, and critical types \[[@bb0015]\]. How to identify the patients who may become severe on the day of admission plays an important role in clinical triage treatment. For patients with bacterial sepsis, the early recognition of quick sepsis-related organ failure assessment (qSOFA) score is often used in clinic, but the respiratory rate in the early patients with COVID-19 is usually \<22 times/min, and the blood pressure is basically within normal range, thus it is difficult to identify early patients with qSOFA score.

Early detection of suspected severe patients infected with SARS-CoV-2 is very important for the treatment of patients. As we known, patients have been identified according to their respiratory rates, blood oxygen saturation or PO2/FiO2, which might delay their treatments and even increase the mortality to some extent at the early stage. Therefore, it is of great significance to further elucidate the pathophysiological mechanisms, and to seek the early indicators to estimate the severity of the patients with COVID-19. It has been generally accepted that during pathogenic microorganism infection, host immunity, inflammation, coagulation are critically involved in the development of septic complications. The results of clinical study showed that some COVID-19 could cause coagulation abnormality and progressive aggravation at the later stage, but disseminated intravascular coagulation (DIC) was rare in those cases \[[@bb0010], [@bb0015], [@bb0020]\].

In order to determine the abnormal coagulation at the early stage, coagulation markers, including thrombin-antithrombin complex (TAT), α2-plasmininhibitor- plasmin complex (PIC), soluble thrombomodulin (sTM), and tissue plasminogen activator-inhibitor complex (tPAIC) are used to evaluate pre-DIC clinically. However, it is difficult to detect these coagulation markers in the fever clinic when patients are novel coronavirus nucleic acid positive. For evaluation of coagulation function, clinicians usually carry out five coagulation and platelet count tests for patients. Using these indicators related to coagulation may provide a reference for early detection of coagulopathy. Persistent coagulopathy is associated with poor outcomes. Thus, this study was based on coagulation monitoring indicators, using International Society on Thrombosis and Haemostasis (ISTH) interim guidance to recognition and management of coagulopathy in COVID-19, which might be able to identify patients with coagulation activation and estimate the severity of patients \[[@bb0025]\].

As the most consistent hemostatic abnormalities with COVID-19 include mild thrombocytopenia and increased D-dimer levels, \>70% of COVID-19 patients who died fulfilled the ISTH score ≥5 points, compared with only 0.6% among survivors \[[@bb0030]\]. This means that COVID-19-related DIC is rare in surviving patients especially in the early stages of COVID-19. In the present study, COVID-19 patient cohort was admitted by ISTH score and its scores between 0 and 3 points from January 14, 2020 to February 11, 2020. Thus, the COVID-19 patients were divided into non-COVID-19 associated coagulopathy (CAC) and CAC groups according to the ISTH score (2 points), then the clinical characteristics, admission to intensive care unit (ICU), the use of mechanical ventilation, the vital organ dysfunction, and discharges of 14 days, 21 days and 28 days from admission as well as hospital mortality were compared between two groups in our study.

2. Methods {#s0010}
==========

2.1. Study design, setting and participants {#s0015}
-------------------------------------------

This retrospective cohort study was designed by the investigators and performed at the Third People\'s Hospital of Shenzhen between January 14, 2020 and February 11, 2020. The data cutoff for the study was March 20, 2020. Written informed consent was waived in light of the urgent need to collect data. Data were obtained from 149 patients with COVID-19 hospitalized at Department of Critical Care Medicine and Infection Third Ward during the study dates. A confirmed case of COVID-19 was defined as a positive result on real-time reverse-transcriptase--polymerase-chain-reaction (RT-PCR) assay of pharyngeal swab specimens by Shenzhen center for disease prevention and control (CDC). The discharges criterion was negative two times 24 hour interval result on RT-PCR assay of pharyngeal swab specimens by Shenzhen CDC. The study analyzed de-identified data from the hospital\'s healthcare informatics group, which was supervised by Shenzhen Municipal Health Commission. The study protocol was approved by the Second People\'s Hospital of Shenzhen & First Affiliated Hospital of Shenzhen University (institutional review board \[IRB\] number 202003009004).

2.2. Data collection and definitions {#s0020}
------------------------------------

All routinely collected vital signs and symptoms and laboratory values were extracted from the electronic health records. Data included, but were not limited to, demographic data (e.g. age, gender, body mass index \[BMI\]), biochemical parameters (e.g. blood cell count, liver function, kidney function, coagulation function, blood gas analysis), mechanic ventilation and comorbidities including hypertension, diabetes, cerebrovascular disease, chronic obstructive pulmonary disease (COPD), and malignancy for severity of illness. We calculated the Acute Physiology and Chronic Health Evaluation (APACHE) II score within first 24 h of hospitalization.

Shock and acute respiratory distress syndrome (ARDS) were defined in accordance with the WHO interim guidance \[[@bb0035]\]. Acute kidney injury was defined based on Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines (KDIGO) \[[@bb0040]\]. Acute cardiac dysfunction was defined as the clinical syndrome characterized by typical symptoms (e.g. breathlessness, fatigue, and ankle swelling) that may be accompanied by signs (e.g. elevated jugular venous pressure, and pulmonary crackles) caused by cardiac abnormality. Acute hepatic injury was defined as a state in which the patient\'s blood laboratory results met at least one of three criteria: serum total bilirubin (TBil) of 3.0 mg/dL or greater; aspartate aminotransferase (AST) of 41 IU/L or greater; alanine aminotransferase (ALT) of 41 IU/L or greater; The patients who met none of these criteria were classified as the "normal liver function" group \[[@bb0045]\].

2.3. Main measures and outcomes {#s0025}
-------------------------------

CAC was defined as ISTH score more than or equal to 2 points. The primary end points were admission to an ICU and the use of mechanical ventilation. The secondary end points were vital organ function, and discharges of 14 days, 21 days and 28 days from admission as well as hospital mortality.

2.4. Statistical analysis {#s0030}
-------------------------

The categorical data were summarized as numbers and percentages, and χ2 tests or Fisher\'s exact test to compare between CAC and non-CAC groups. Continuous variables were expressed as the arithmetic mean and standard deviation (SD) or as the median and interquartile range, depending on whether or not they showed a Gaussian distribution. Continuous data with Gaussian distribution were compared with the Student\'s *t-*test and those with a non-Gaussian distribution, with the Wilcoxon rank-sum test. Univariable and multivariable logistic regression analysis with odds ratio (OR) and 95% confidence interval levels (95% CI) were performed to evaluate risk factors associated with admission to ICU and mechanical ventilation. The following variables were investigated as independent risk factors for mechanical ventilation: comorbid conditions, age, gender, platelet count, neutrophil lymphocyte ratio, alanine aminotransferase, aspartate transaminase, creatinine, ISTH score, and APACH II score. The same variables plus creatinine were investigated as risk factors for admission to ICU. Statistical analysis was performed using the statistical package SAS 9.4 (Windows, SAS Institute, Cary, North Carolina). P values (two-tailed) below 0.05 were considered statistically significant.

3. Results {#s0035}
==========

3.1. Demographics and baseline characteristics {#s0040}
----------------------------------------------

The detailed demographic and clinical profile data of all patients with COVID-19 on admission baseline were summarized in [Table 1](#t0005){ref-type="table"} . By February 11, 2020, clinical data were collected in 149 patients in the Department of Critical Care Medicine and Infection Third Ward with laboratory confirmed COVID-19 ([Fig. 1](#f0005){ref-type="fig"} ). There were 5 patients without D-Dimer, 8 patients without platelets, 17 patients without prothrombin time, fibrinogen, D-Dimer and 2 patients without platelets, prothrombin time, fibrinogen and D-Dimer on admission. A total of 117 patients were enrolled in this study finally (52 males, 53%). Patient\'s mean age was 61.9 years. 104 (88.9%) patients had a history of exposure to the Hubei or the individuals with confirmed COVID-19. Of these patients, the mean body mass index (BMI) was 23.9, body temperature was 37.5 °C, respiration rate was 20.5 times/min, mean arterial pressure (MAP) was 97.3 mm Hg. The APACHE II was between 2 to 7 points and the ISTH score was between 0 to 3points, the distribution of ISTH scores in [Fig. 2](#f0010){ref-type="fig"} . This patients with ISTH ≥ 2 points had more comorbidities than that of ISTH\<  2 points (41.0% vs. 17.9%, P = 0.006).Table 1Demographics and baseline characteristics of patients with COVID-19.Table 1CharacteristicsTotal (n = 117)Non-CAC (n = 56)CAC (n = 61)P valueAge (years), mean ± SD61.9 ± 17.960.3 ± 18.063.3 ± 17.80.29 Distribution, N (%)0.009 ≤60 years71 (60.7)41 (73.2)30 (49.2) \>60 years46 (39.3)15 (26.8)31 (50.8)Male, N (%)62 (53.0)30 (53.6)32 (52.5)0.90BMI, mean ± SD23.9 ± 3.623.2 ± 3.624.5 ± 3.50.055MAP (mm Hg), mean ± SD97.3 ± 12.297.0 ± 12.297.6 ± 12.20.78Temperature (°C), mean ± SD37.5 ± 0.937.3 ± 0.837.7 ± 0.90.017Heart rate (bpm), mean ± SD91.9 ± 13.791.3 ± 13.692.4 ± 13.80.68Respiration rate (bpm)20.5 ± 1.920.1 ± 1.620.8 ± 2.10.031Classification of body temperature (°C), N (%) \<37.355 (47.0)33 (58.9)22 (36.1)0.076 37.3--38.033 (28.2)12 (21.4)21 (34.4) 38.1--39.024 (20.5)10 (17.9)14 (23.0) \>39.05 (4.3)1 (1.8)4 (6.6)Comorbidities, N (%)35 (29.9)10 (17.9)25 (41.0)0.006Hypertension23 (19.7)7 (12.5)16 (26.2)0.062Diabetes12 (10.3)3 (5.4)9 (14.8)0.13COPD3 (2.6)1 (1.8)2 (3.3)1.0Cerebrovascular disease1 (0.9)0 (0.0)1 (1.6)1.0Malignancy1 (0.9)0 (0.0)1 (1.6)1.0Hubei exposure, N (%)104 (88.9)51 (91.1)53 (86.9)0.56Signs and symptoms, N (%)107 (91.5)51 (91.1)56 (91.8)1.0Fever96 (82.1)43 (76.8)53 (86.9)0.16Fatigue30 (25.6)10 (17.9)20 (32.8)0.065Muscle pain27 (23.1)15 (26.8)12 (19.7)0.36Dry cough36 (30.8)17 (30.4)19 (31.1)0.93Expectoration29 (24.8)12 (21.4)17 (27.9)0.42Chest tightness12 (10.3)6 (10.7)6 (9.8)0.88Dyspnea4 (3.4)2 (3.6)2 (3.3)1.0Bellyache1 (0.9)0 (0.0)1 (1.6)1.0Diarrhea8 (6.8)3 (5.4)5 (8.2)0.72Nausea4 (3.4)2 (3.6)2 (3.3)1.0Vomit1 (0.9)1 (1.8)0 (0.0)0.48Inappetence8 (6.8)3 (5.4)5 (8.2)0.72Headache8 (6.8)5 (8.9)3 (4.9)0.48Dizziness9 (7.7)4 (7.1)5 (8.2)1.0GCS score \< 15, N (%)1 (0.9)0 (0.0)1 (1.6)1.0APACHE II score, median (IQR)5.0 (2.0,7.0)4.0 (2.0,6.0)5.0 (4.0,7.0)0.022[^1]Fig. 1Flow diagram of study subjects.Fig. 1Fig. 2The distribution of ISTH score.Fig. 2

In terms of signs and symptoms, there were no significant differences between the two groups. A patient\'s Glasgow coma scale (GCS) was 3 points in the CAC group and the other were 15 points (P = 0.32). Notably, APACHE II score was significantly higher in the CAC group compared to the non-CAC group (CAC 5.0 \[4.0, 7.0\] vs. non-CAC 4.0 \[2.0, 6.0\], P = 0.022).

3.2. Laboratory findings and CAC score on admission {#s0045}
---------------------------------------------------

There were significant differences in levels of procalcitonin (PCT), C-reaction protein (CRP), interleukin 6 (IL-6), neurophil, lymphocyte, neutrophil to lymphocyte ratio (NLR), albumin, alanine aminotransferase, aspartate aminotransferase, pH, PO2, PO2/FiO2, D-dimer, and fibrinogen between the CAC and non-CAC groups ([Table 2](#t0010){ref-type="table"} ). Inflammatory indexes including PCT, CRP, and IL-6 were higher in patients with CAC (P \< 0.05). In comparison to the non-CAC group, lymphocyte counts were lower, and neutrophils as well as NLR were increased in the CAC group (P \< 0.01), showing that NLR in CAC patients was 3.2. D-dimer and fibrinogen levels, and ISTH scores in patients with CAC were higher than those of non-CAC patients (P \< 0.01).Table 2Laboratory findings of patients with COVID-19 on admission.Table 2CharacteristicsTotal (n = 117)Non-CAC (n = 56)CAC (n = 61)P value*Inflammatory parameters*PCT (ng/ml), median (IQR)0.06 (0.04, 0.08)0.05 (0.04, 0.07)0.06 (0.04, 0.09)0.042CRP (mg/dl), median (IQR)22.7 (9.0, 44.7)13.9 (7.8, 28.2)32.0 (16.2, 57.3)\<0.001IL-6 (pg/ml), median (IQR)19.8 (12.2, 43.1)19.1 (5.4, 27.0)22.2 (16.0, 52.1)0.018  *Blood routine tests*WBC (1 × 10^9^/L), median (IQR)4.7 (3.8, 5.9)4.8 ± 1.55.3 ± 2.10.11HGB (g/L), mean ± SD136.9 ± 15.4139.0 ± 14.4135.0 ± 16.20.16Neutrophils (1 × 10^9^/L), median (IQR)3.0 (2.2, 3.9)2.6 (2.0, 3.6)3.2 (2.4, 4.4)0.014Lymphocyte (1 × 10^9^/L), median (IQR)1.2 (0.9, 1.5)1.2 (1.0, 1.6)1.1 (0.8, 1.4)0.012Monocytes, median (IQR)0.4 (0.3, 0.6)0.5 (0.4, 0.5)0.4 (0.3, 0.6)0.17Platelets (1 × 10^9^/L), mean ± SD177.0 ± 60.7187.6 ± 62.0167.1 ± 58.40.069NLR, median (IQR)2.6 (1.5, 4.1)2.0 (1.4, 3.1)3.2 (1.8, 5.2)0.001PLR, median (IQR)144.6 (116.1, 190.9)141.1 (116.7, 172.5)153.0 (114.3, 214.8)0.32LMR2.7 (2.1, 3.6)2.8 (2.1, 3.7)2.6 (2.1, 3.5)0.54  *Biochemical parameters*Albumin (g/L), mean ± SD41.5 ± 3.842.8 ± 3.140.3 ± 4.0\<0.001TBiL (μmol/L), median (IQR)9.9 (7.5, 13.8)9.9 (7.5, 13.9)10.5 (7.6, 13.6)0.98ALT (U/L), median (IQR)24.0 (16.2, 34.8)19.0 (14.2, 29.3)29.0 (20.0, 40.8)0.002AST (U/L), median (IQR)29.0 (23.0, 43.0)26.0 (21.0, 33.8)36.1 (27.0, 47.2)0.001Creatinine (μmol/L), median (IQR)69.0 (54.0, 83.0)67.7 ± 19.075.2 ± 28.90.098Creatinine \>133 μmol/L, N (%)7 (6.0)2 (3.6)5 (8.2)0.44BUN (mmol/L), median (IQR)4.4 (3.5, 5.3)4.2 (3.4, 5.1)4.4 (3.7, 5.6)0.26  *Blood gas analysis*pH, mean ± SD7.43 ± 0.037.42 ± 0.027.44 ± 0.040.002PO2, mean ± SD91.9 ± 27.597.2 ± 32.787.3 ± 21.50.080PCO2, mean ± SD37.3 ± 4.338.5 ± 3.536.2 ± 4.60.006PO2/FiO2, median (IQR)381.9 ± 127.6423.0 ± 139.0340.8 ± 101.2\<0.001  *Coagulation parameters*PT (s), mean ± SD12.1 ± 0.9612.1 ± 0.9412.1 ± 0.980.98APTT (s), mean ± SD37.3 ± 7.0137.2 ± 4.2437.4 ± 8.870.91INR, mean ± SD0.9 ± 0.090.9 ± 0.090.9 ± 0.090.94D-Dimer (mg/L), median (IQR)0.41 (0.30, 0.66)0.30 (0.24, 0.36)0.64 (0.53, 0.91)\<0.001FIB (g/L), mean ± SD4.29 ± 1.113.86 ± 0.884.68 ± 1.16\<0.001ISTH score, median (range)2.0 (0.0, 3.0)0.0 (0.0, 1.0)2.0 (2.0, 3.0)\<0.001[^2]

3.3. Complications and outcomes of patients with COVID-19 {#s0050}
---------------------------------------------------------

There were significant differences in the proportions of admission to ICU, the use of invasive ventilation and noninvasive ventilation, acute hepatic injury, and acute lung injury as well as discharges of 14 days, 21 days and 28 days from admission. There were no significant differences in incidences in shock, acute cardiac insufficiency, and acute renal injury (P \> 0.05) ([Table 3](#t0015){ref-type="table"} ). Other main clinical outcomes, such as the proportion of admission to ICU (16.1% vs. 42.6%), acute hepatic injury (28.6% vs. 62.3%) and ARDS (8.9% vs. 27.9%), and invasive ventilation (1.8% vs. 21.3%) as well as noninvasive ventilation (21.4% vs. 52.5%) were increased in the non-CAC group than those of the CAC group (all P \< 0.01). The discharges of 14 days, 21 days and 28 days from admission were 48.2% vs. 16.4%, 75.0% vs. 45.9%, 89.3% vs.72.1% in non-CAC and CAC, respectively (all P \< 0.05).Table 3Complications and outcomes of patients with COVID-19.Table 3Outcomes, N (%)Total (n = 117)Non-CAC (n = 56)CAC (n = 61)P valueThe primary end points Admission to ICU35 (29.9)9 (16.1)26 (42.6)0.002Mechanical ventilation Invasive ventilation14 (12.0)1 (1.8)13 (21.3)0.001 Noninvasive ventilation44 (37.6)12 (21.4)32 (52.5)0.001The secondary end pointDischarge from admission 14 days37 (31.6)27 (48.2)10 (16.4)\<0.001 21 days70 (59.8)42 (75.0)28 (45.9)0.001 28 days94 (80.3)50 (89.3)44 (72.1)0.022AHI54 (46.2)16 (28.6)38 (62.3)\<0.001ARDS22 (18.8)5 (8.9)17 (27.9)0.009Shock8 (6.8)1 (1.8)7 (11.5)0.063ACD3 (2.6)0 (0.0)3 (4.9)0.25AKI5 (4.3)1 (1.8)4 (6.6)0.37LOS (days), median (IQR)17 (14, 27)15 (13, 22)23 (16, 30)\<0.001Mortality2 (1.7)0 (0.0)2 (3.3)0.25[^3]

3.4. Risk factors associated with admission to ICU and the use of mechanical ventilation in COVID-19 patients in univariable and logistic multivariable regression models {#s0055}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To explore the risk factors associated with admission to ICU and the use of mechanical ventilation in COVID-19 patients, we choose age, male, BMI, platelet count, NLR, alanine aminotransferase, aspartate transaminase, and creatinine as variables from demographic data, biochemical parameters, and the others were comorbidities, ISTH scores, and APACHE II scores.

Multiple logistic regression results showed that only age \> 60 (OR 5.12, 95% CI 1.96--13.89, P = 0.001), male (OR 6.47, 95% CI 2.22--18.91, P \< 0.001), and ISTH score ≥2 (OR, 4.07, 95% CI 1.47--11.25 P = 0.007) were obviously associated with the admission to ICU in patient with COVID-19 ([Table 4](#t0020){ref-type="table"} ).Table 4Risk factors associated with admission to ICU.Table 4VariableUnivariableMultivariableOR (95% CI)P valueOR (95% CI)P valueAge \> 604.92 (2.11, 11.48)\<0.0015.21 (1.96, 13.89)0.001Male4.53 (1.84, 11.17)0.0016.47 (2.22, 18.91)\<0.001ISTH score ≥ 23.88 (1.62, 9.31)0.0024.07 (1.47, 11.25)0.007Platelet counts (10^9^/L)0.99 (0.98, 1)0.035N/ANeutrophil/lymphocyte ratio1.25 (1.07, 1.47)0.005N/AAlanine aminotransferase (U/L)1.01 (0.99, 1.03)0.34N/AAspartate transaminase (U/L)1.05 (1.02, 1.08)0.001N/ACreatinine \> 133 μmol/L16.76 (1.93, 145.15)0.011N/AComorbidities2.79 (1.21, 6.47)0.017N/AAPACHE II score1.28 (1.1, 1.48)0.001N/A[^4]

Multiple logistic regression results revealed that only age \> 60 (OR 4.94, 95% CI 1.84--13.27, P = 0.0020), male (OR 8.43, 95% CI 2.86--24.85, P \< 0.001), and ISTH score ≥2 (OR 5.54, 95% CI 2.01--15.28 P = 0.001) were significantly associated with the use of mechanical ventilation in patients with COVID-19 ([Table 5](#t0025){ref-type="table"} ).Table 5Risk factors associated with the use of mechanical ventilation.Table 5VariableUnivariableMultivariableOR (95% CI)P valueOR (95% CI)P valueAge \> 604.58 (2.06, 10.17)\<0.0014.94 (1.84, 13.27)0.002Male5.19 (2.26, 11.89)\<0.0018.43 (2.86, 24.85)\<0.001ISTH score ≥ 24.62 (2.05, 10.42)\<0.0015.54 (2.01, 15.28)0.001Platelet counts (10^9^/L)0.99 (0.98, 1)0.004N/ANeutrophil/lymphocyte ratio1.27 (1.07, 1.5)0.007N/AAlanine aminotransferase (U/L)1.02 (1, 1.04)0.082N/AAspartate transaminase (U/L)1.05 (1.02, 1.08)0.001N/AComorbidities2.42 (1.08, 5.43)0.032N/AAPACHE II score1.24 (1.09, 1.43)0.002N/A[^5]

4. Discussion {#s0060}
=============

Our study showed that the admission to ICU was increased progressively from 16.1% in patients with non-CAC to 42.6% in patients with CAC with COVID-19. The incidence of invasive ventilation and noninvasive ventilation, acute hepatic injury and acute respiratory distress syndrome were high in CAC than that of non-CAC group. The results showed that ISTH score ≥2 was obviously associated with the admission to ICU (OR 4.07, 95% CI 1.47--11.25 P = 0.007) and the use of mechanical ventilation (OR 5.54, 95% CI 2.01--15.28 P = 0.001) in patients with COVID-19. All results show ISTH score ≥2 is an important indicator to preview and triage for COVID-19 patients when epidemic outbreak.

COVID-19 is a systemic multi-organ injury disease caused by severe acute respiratory syndrome (SARS)-Cov-2. Similar to that of SARS \[[@bb0050]\] and Middle East respiratory syndrome (MERS) \[[@bb0055]\], it involves many basic pathological processes, such as host immune, inflammation and coagulation. Over activation of immune cells, cytokine storm and excessive oxidative stress may be the common pathophysiological mechanism(s) underlying ARDS, septic shock, multiple organ failure, and even death caused by COVID-19, SARS, and MERS \[[@bb0060], [@bb0065], [@bb0070], [@bb0075]\]. Critical COVID-19 characterized by refractory hypoxemia increases patient mortality because of dysregulation of host immune response. Studies showed that COVID-19 patients with severe ARDS have microthrombus \[[@bb0080]\]. The authors suggest that coagulation disorders may be involved in the pathological process of patients with critical COVID-19.

At the early stage of admission, because of high fever, water loss, and insufficient intake, patients with severe COVID-19 had insufficient capacity, low blood pressure, and high blood viscosity. Multiple organ failure caused by diffuse microvascular damage is an important cause of death in critical patients with COVID-19 \[[@bb0020],[@bb0085]\]. A multicenter retrospective study of 1099 patients with COVID-19 showed that the incidence of DIC (2.9% vs. 0.1%) and the mortality (8.1% vs. 0.1%) were significantly higher than those of non-ICU patients \[[@bb0010]\]. A retrospective analysis of 21 patients with COVID-19 revealed that 71.4% of the dead patients had DIC, while the incidence of DIC in survival patients was only 0.6% \[[@bb0020]\]. Therefore, coagulation disorder and DIC are the vital causes of death in critical type with COVID-19.

COVID-19 is a systemic infectious disease mainly caused by SARS-CoV-2. The functional receptors for this newly emerged coronavirus can mediate SARS-CoV-2 S-mediated entry into cells, such as ACE2 \[[@bb0090], [@bb0095], [@bb0100], [@bb0105]\]. The immune system in patients with COVID-19 is over activated, thereby releasing a large number of inflammatory mediators and promoting platelet aggregation \[[@bb0110]\]. After SARS-CoV-2 infection, the immune response mediates the damage of hematopoiesis system, cell inflammatory damage, microvascular system damage, abnormal activation of coagulation system, inhibition of fibrinolysis and anticoagulation system, which eventually leads to coagulation dysfunction. Thus, COVID-19 related coagulopathy is an early manifestation in the evolution of DIC, showing a dynamic change process.

The molecular markers of coagulation and fibrinolysis can reflect the pathological process of pre-DIC, including sTM, TAT, and plasminogen activator inhibitor-1 (PAI-1), but they are detected with difficulty in fever clinic worldwide, thus it is impossible to early predict the activation of coagulation in many cases. The criterion of sepsis associated coagulation disorder (SAC) formulated in the United States only uses two indexes, i.e. international standardized ratio (INR) and platelet count. SAC criterion is optional and convenient in the emergency or basic hospitals \[[@bb0115]\], nevertheless, INR and platelets did not show obvious alterations at the early stage of patients with COVID-19 in our study. Thus, it was not suitable for the coagulation abnormality induced by COVID-19. The platelet counts in most patients with COVID-19 were in normal range or slightly increased, but the mean level was controversial between severe and no-severe patients \[[@bb0030],[@bb0120]\]. Other patients, especially severe and dead patients, the platelet counts might be reduced \[[@bb0030],[@bb0120]\]. Recently, 50% of patients with COVID-19 reportedly increased D-dimer contents, and FDP and D-dimer levels were significantly elevated in severe and dead patients \[[@bb0115]\]. However, fibrinogen was markedly increased at the early stage of mild patients with COVID-19, and decreased at the late stage of severe patients \[[@bb0015]\].

The coagulation dysfunction or DIC induced by COVID-19 are a dynamic process, so the sensitivity and specificity of single index for DIC diagnosis are not good. Rational use of DIC integration system is conducive to the early diagnosis, prevention, and treatment of disease. Previous studies have shown that the ISTH criterion can diagnose septic DIC within a certain range. COVID-19 is a kind of sepsis, a viral sepsis. Therefore, it may have the characteristics of sepsis. In our clinical observation, we used ISTH system and ISTH score ≥2 points to identify the coagulation dysfunction. The results showed that patients with ISTH score (≥2) had a less proportion of the discharges of 14 days, 21 days and 28 days from admission. Multiple logistic regression analysis indicated that the proportion of patients with ISTH score ≥ 2 entering ICU was 4.07 times of those with ISTH score \< 2, and the proportion of patients with mechanical ventilation was 5.54 times of patients with ISTH score \< 2. Therefore, using the COVID-19 associated coagulopathy scoring system can identify potential critical COVID-19 patients at early.

4.1. Limitations {#s0065}
----------------

Our study has several limitations. Firstly, 32 cases had incomplete documentation of laboratory testing on admission within 24 h. Secondly, because 10 patients (8critical ill patients, 2 general patients) remained in the hospital and the outcomes were unknown at the time of data cutoff, we censored the data regarding their clinical outcomes as of the time of our analysis. Thirdly, the current study is a retrospective study with limited cases, it needs to be further confirmed by large sample cohort study.

5. Conclusions {#s0070}
==============

Until now, no specific indicators of patients in early admission have been recommended for COVID-19. Currently, the approach to such disease is to control the source of infection and use of personal protection precaution to reduce the risk of transmission. Early diagnosis and identifying the patients who may become critical on the day of admission are of importance for the treatment of COVID-19. Our study demonstrated that the presence of coagulopathy identifies a group of patients with COVID-19 at higher risk for admission to ICU, and mechanical ventilation as well as discharges of 14 days, 21 days and 28 days from admission. ISTH score more than or equal to 2 points is a vital indicator of patients with COVID-19 on early admission.
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[^1]: Abbreviations: BMI, body mass index; MAP: mean arterial pressure; bpm: beats per minute; COPD, chronic obstructive pulmonary disease; GCS: Glasgow coma scale; APACHE II, Acute Physiology and Chronic Health Evaluation; ISTH, International Society of Thrombosis & Haemostasis; IQR, interquartile range.

[^2]: Abbreviations: PCT, procalcitonin; CRP, C-reaction protein; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; NLR, neutrophil/lymphocyte ratio; PLT, platelets; PLR, platelets/ lymphocyte ratio; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; PT, prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen. ISTH: International Society of Thrombosis & Haemostasis.

[^3]: Abbreviations: ICU: intensive care unit; ACD, acute cardiac dysfunction; AKI, acute kidney injury; AHI, acute hepatic injury; ARDS, acute respiratory distress syndrome; ALI, acute lung injury; MV, mechanical ventilation; ICU, intensive care unit; LOS, length of stay; IQR: interquartile range.

[^4]: APACHE II, Acute Physiology and Chronic Health Evaluation; ISTH, International Society of Thrombosis & Haemostasis; IQR, interquartile range.

[^5]: APACHE II, Acute Physiology and Chronic Health Evaluation; ISTH, International Society of Thrombosis & Haemostasis; IQR, interquartile range.
